Objective. Evidence supporting the use of public reporting of quality information to improve health care quality is mixed. While public reporting may improve reported quality, its effect on quality of care more broadly is uncertain. This study tests whether public reporting in the setting of nursing homes resulted in improvement of reported and broader but unreported quality of postacute care. Data Sources/Study Setting. 1999-2005 nursing home Minimum Data Set and inpatient Medicare claims. Study Design. We examined changes in postacute care quality in U.S. nursing homes in response to the initiation of public reporting on the Centers for Medicare and Medicaid Services website, Nursing Home Compare. We used small nursing homes that were not subject to public reporting as a contemporaneous control and also controlled for patient selection into nursing homes. Postacute care quality was measured using three publicly reported clinical quality measures and 30-day potentially preventable rehospitalization rates, an unreported measure of quality. Principal Findings. Reported quality of postacute care improved after the initiation of public reporting for two of the three reported quality measures used in Nursing Home Compare. However, rates of potentially preventable rehospitalization did not significantly improve and, in some cases, worsened. Conclusions. Public reporting of nursing home quality was associated with an improvement in most postacute care performance measures but not in the broader measure of rehospitalization. care quality through their websites, such as Nursing Home Compare, which publicly rates the performance of nursing homes on certain quality measures.
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Public reporting is designed to improve health care quality in two ways. First, public reporting may motivate improvements in the quality of individual providers, increasing provider-specific quality of care. Second, public reporting may increase the likelihood that patients select high-quality providers, thus increasing the number of patients receiving high-quality care. If either of these effects is realized, quality of care will improve on average.
Because public reporting has tremendous face validity, it has been widely adopted in many health care settings (Fung et al. 2008 ). Yet there is mixed evidence on whether these efforts truly improve quality of care and, if quality does improve, the mechanism by which this occurs--provider-driven quality improvement efforts or consumer use of the information to choose high-quality providers (Werner and Asch 2005; Fung et al. 2008 ). In addition, there remains concern that observed improvements in quality under public reporting may not represent ''true'' quality improvement but, rather, are the result of providers selecting healthier patients under public reporting so that they appear to have improved quality outcomes (Werner and Asch 2005) .
Our objective in this paper is to test whether public reporting in the setting of postacute care in skilled nursing facilities (SNFs) stimulates providerdriven quality improvement while controlling for changes in market share and changes in patients' health risk.
prove nursing home quality, including the 1987 Nursing Home Reform Act or the Omnibus Budget Reconciliation Act (OBRA), which mandated that each Medicare-and Medicaid-certified nursing home be regularly inspected and submit regular comprehensive assessments of each resident. While OBRA led to some quality improvements (Kane et al. 1993; Shorr, Fought, and Ray 1994; Castle, Fogel, and Mor 1996; Fries et al. 1997; Mor et al. 1997; Snowden and Roy-Byrne 1998 ), significant problems with quality of care remained (Wunderlich and Kohler 2000) .
More recently, with regulation failing to fully reform nursing home quality, the persistent problems of inadequate quality have been attributed to the lack of information about quality with which to stimulate consumer choice of care and provider competition for high-quality care (Mor 2005) . Accordingly, quality improvement efforts have increasingly turned to market-based incentives such as public reporting of quality information. In 2001, the Department of Health and Human Services announced the formation of the Nursing Home Quality Initiative, with a major goal of improving the information available to consumers on the quality of care at nursing homes. As part of this effort, on November 12, 2002, CMS released Nursing Home Compare (http://www.medicare.gov/NHcompare), a guide detailing quality of care at over 17,000 Medicare-or Medicaid-certified nursing homes (Centers for Medicare and Medicaid 2002). When Nursing Home Compare was launched, it included 10 quality measures, three of which were measures of quality for patients in postacute care (Centers for Medicare and Medicaid 2002; Harris and Clauser 2002) . For the postacute care measures, small SNFs, with fewer than 20 patients over 6 months who qualify for the denominator of a quality measure, are excluded from Nursing Home Compare.
Studies of the effect of public reporting in nursing homes have thus far been mixed. Upon the release of Nursing Home Compare, Zinn et al. (2005) used data published on the Nursing Home Compare website to descriptively examine whether trends in the published quality measures improved in the postpublication period. They found that while 9 out of 10 published measures had statistically significant trends toward improvement, only pain control, use of physical restraints, and rates of delirium seemed to exhibit clear and clinically meaningful trends toward improvement. However, because the study used publicly reported data, it was unable to compare postpublication trends with preexisting trends and, thus, attribution of these trends to Nursing Home Compare was not possible. Similarly, work by Castle, Engberg, and Liu (2007) examined published nursing home quality measures in the post-Nursing Home Compare period with mixed results. A more recent study by Mukamel et al. (2008) overcame the limitation of only examining the post-Nursing Home Compare period by reconstructing the quality measures during the period both before and after the launch of Nursing Home Compare. They examined changes in trends of a subset of quality measures among a small group of nursing homes and found that two quality measures (physical restraint use and pain control) improved after the launch of Nursing Home Compare. However, without a concurrent control group, it is difficult to attribute these changes to Nursing Home Compare. In addition, as with most studies of public reporting, it is unknown whether observed improvements are associated with improvements in quality of care more broadly and to what extent observed improvements in quality measures were due to changes in patient case mix.
Our work adds significantly to the existing evidence of response to Nursing Home Compare, and to the public reporting literature more generally. First, we explicitly examine within-SNF or SNF-specific changes in quality (versus changes in market share). Second, we use a difference-in-differences framework to compare trends in quality before and after Nursing Home Compare was launched and control for secular trends using a group of small SNFs not included in Nursing Home Compare. Finally, we also employ a broad measure of quality in addition to the individual reported measures, enabling us to examine whether improvement on Nursing Home Compare measures translated into broader improvements in quality of care for postacute care patients. Because the release of Nursing Home Compare may cause SNFs to select patients based on clinical characteristics, we also control for this changing pool of patients using propensity score matching. Thus, our estimates of the quality impact of Nursing Home Compare can be more definitively attributed to true improvements in quality rather than the result of a changing group of patients.
METHODS
We limit our analyses to quality of postacute (rather than long-term) care because the higher turnover rates and younger and less cognitively impaired residents in postacute care make it more likely to find an effect from public reporting. Postacute care residents can also be linked with important case mix adjusters from the qualifying Medicare-covered hospitalization, enhancing our ability to control carefully for changes in case mix severity.
Data
The primary data source for our analyses is the nursing home Minimum Data Set (MDS) for years 1999-2005, spanning 2002 , when Nursing Home Compare was released. The MDS contains detailed clinical data collected at regular intervals for every resident in a Medicare-or Medicaid-certified nursing home. Data on patients' health, physical functioning, mental status, and psycho-social well-being have been collected electronically since 1998. These data are used by nursing homes to assess the needs and develop a plan of care unique to each resident and by the CMS to calculate Medicare prospective reimbursement rates. Because of the reliability of these data (Gambassi et al. 1998; ) and the detailed clinical information contained therein, they are considered the best available data for measuring nursing home clinical quality and thus are the source for the quality measures reported on Nursing Home Compare. Calculating the quality measures directly from the MDS allows us to measure quality both before and after Nursing Home Compare was released.
We also used the 100 percent MedPAR data (with all Part A claims) to calculate rates of potentially preventable rehospitalizations over the same time period, an accepted indicator of SNF quality (MedPAC 2005 ) that broadly measures a major goal of postacute care--stabilization following acute hospitalization (Donelan-McCall et al. 2006) . Rehospitalization has thus far not been included in Nursing Home Compare's quality measures because data on rehospitalization are unavailable using MDS, the current data source for the quality measures. However, we linked the MDS data to MedPAR data using unique patient identifiers to determine rehospitalizations, providing an opportunity to examine whether changes in the reported quality measures were associated with broader changes in the quality of care provided at SNFs.
Propensity Score Matching
Because public reporting of patient outcomes may cause providers to select (or cherry-pick) their patients based on their illness severity (Dranove et al. 2003; Werner and Asch 2005) , patient characteristics may systematically vary with the launch of public reporting. To account for this possibility, we use propensity score matching to ensure the similarity of patients being compared (Rosenbaum and Rubin 1983; Heckman, Urzua, and Vytlacil 2006) , matching patients from before Nursing Home Compare was released to patients with similar characteristics after Nursing Home Compare was released. By matching we assure similar distributions in observable characteristics between the patients being compared before and after Nursing Home Compare and limit our analyses to the units over which comparisons can be reliably made. This thereby reduces the possibility of model extrapolations and the biasing effects of model misspecification (Hill, Reiter, and Zanutto 2004; Ho et al. 2007 ).
Propensity scores were constructed using a large set of variables measured before or at nursing home admission. In particular, we conducted Mahalanobis matching on three variables (age, Cognitive Performance Scale [Morris et al. 1994] , and RUG-III ADL Scale [Morris, Fries, and Morris 1999] ) within propensity score calipers (Rubin and Thomas 2000) . Each patient in the preperiod was matched to a patient in the postperiod within the same nursing home, and the matching was conducted ''with replacement'' in the sense that individuals in the postperiod could be selected as a match for up to 10 patients in the preperiod; the final analyses of the outcomes used weights to adjust for this. Propensity score matching thus constrains patients risk profiles to be the same before and after Nursing Home Compare was launched and also constrains each nursing home's market share to be the same. Thirty-three variables were included in the propensity score and an additional 20 variables were assessed and were included in the propensity score if they were out of balance after an initial match. (A full list of variables included in the propensity score and details of the propensity score matching are included in Appendix SA2.)
Dependent Variables: Quality Measures
Using the propensity score-matched cohorts, we applied the technical definitions of the quality measures provided by CMS Ho et al. 2007 ) to calculate quality measures for postacute care patients over the time period of the study, 1999-2005. We calculated all postacute care quality measures that were publicly reported on Nursing Home Compare when it was launched in 2002: percent of short-stay patients who did not have moderate or severe pain; percent of short-stay patients without delirium; and percent of short-stay patients whose walking improved. Following the conventions of the CMS quality measures we calculated the postacute care quality measures only on those patients who stay in the facility long enough to have a 14-day assessment, and limit the SNFs to those that were included in Nursing Home Compare (i.e., those SNFs that had at least 20 eligible postacute care patients over 6 months). Our calculations of SNF-level quality measures on the full sample of postacute care patients consistently matched the quality measures reported by CMS on Nursing Home Compare. We rescaled all reported quality measures so that a higher score indicates higher quality of care. The means and standard deviations for these measures over the study period were as follows: no pain 76.3 (19.3); no delirium 96.4 (7.5); and improved walking 6.9 (10.5).
We also measured rates of potentially preventable rehospitalizations as a broader indicator of SNF quality. Whereas Nursing Home Compare quality measures are defined based only on patients who stay in postacute care for at least 14 days, we measured rehospitalizations for all postacute care patients regardless of their length of stay. Potentially preventable rehospitalizations were defined based on the Agency for Healthcare Research and Quality Prevention Quality Indicators (Agency for Healthcare Research and Quality 2004) that were applicable to patients aged 65 and older (bacterial pneumonia, chronic obstructive pulmonary disease, dehydration, heart failure, hypertension, short-term diabetic complications, uncontrolled diabetes, and urinary infection), occurring within 30 days of admission to postacute care (White and Seagrave 2005) . Higher rehospitalization rates indicate lower quality of care. Over the study period, an average of 7.0 percent of patients (standard deviation 5.9) had a potentially preventable rehospitalization.
Main Independent Variable: Nursing Home Compare Indicator Variables
We examined changes in the quality measures with the launch of Nursing Home Compare using two separate independent variables. First, we used a set of year indicator variables (2000-2005, omitting 1999 ) to examine changes in quality over the study period. These year indicator variables were used to examine changes in quality at the launch of Nursing Home Compare ( 
Covariates
In all analyses we included the variables included in the propensity scores as covariates (see Appendix SA2) to adjust for any remaining small differences between the groups after the matching (Ho et al. 2007 ). In addition, to estimate changes in delirium we include prior residential history as a covariate, as specified by the CMS quality measure (Moore et al. 2005) ; and when estimating changes in rehospitalization rates, we include previously developed variables for risk adjustment of potentially preventable rehospitalization from postacute care (Donelan-McCall et al. 2006) . Finally, because the Nursing Home Compare quality measures are calculated only on patients who remain in postacute care for at least 14 days, in all regressions we control for the ''censoring'' rate at each facility using quarterly measures of the proportion of all postacute care admissions that remain in postacute care for 14 days at each SNF.
Empirical Specifications
To examine the effect of publicly reporting nursing home quality on nursing home quality of care, we test for within-SNF changes in facility-level quality. Because the propensity score matched cohorts explicitly constrains changes in market share (through 1:1 pre-post matching of patients within SNFs) we empirically isolate one way that Nursing Home Compare was designed to affect quality of care--through provider-driven quality improvements--while controlling for any consumer-driven changes in care.
First, we describe changes in postacute care quality of care using a prepost specification. Within this pre-post specification, we test for within-SNF improvements in quality of care using individual-level linear probability models, where changes in quality for patient i in SNF j at time t were estimated as a function of Nursing Home Compare indicator variables, patient-and SNF-level covariates, and SNF fixed effects:
Second, we test whether the estimated changes in postacute care quality are attributable to Nursing Home Compare using a difference-in-differences specification, using small SNFs not subject to public reporting as a control group. Although one third of SNFs are excluded from Nursing Home Compare at any given time, many of these small SNFs are only intermittently excluded from Nursing Home Compare when their census drops below the 20-patient threshold. We include the 15 percent of SNFs that are never included in Nursing Home Compare as our control group. Empirically, we estimate changes in quality as a function of a Nursing Home Compare indicator variable, an SNF size indicator variable (Large j , equaling 1 if a large SNF is included in Nursing Home Compare; 0 if an SNF is never included), its interaction with NHC j,t , patient-and SNF-level covariates, and SNF fixed effects:
Although small SNFs are clearly different from larger SNFs on average, this is not a problem in that these average differences are controlled through the SNF fixed effects. This model does rely on the assumption that small and large SNFs would exhibit similar trends over time in the absence of Nursing Home Compare. To test the validity of this assumption, we test whether trends in quality improvement in the pre-Nursing Home Compare period were the same for small and large SNFs using multiple F-tests and find that for all four measures there were no significant differences in quality trends between small and large SNFs before Nursing Home Compare. Nonetheless, because small SNFs are likely to be different than large SNFs in their response to quality improvement initiatives, we test the sensitivity of our results by limiting the treatment group to mid-sized SNFs, or those that are large enough to be included in Nursing Home Compare but more similar in size and other characteristics to the small SNFs (mid-sized SNFs were defined as those included in Nursing Home Compare with fewer than 110 total beds and o30 percent Medicare residents). In addition, because nursing homes with few postacute care residents may have larger numbers of long-stay residents, and thus be included in Nursing Home Compare for the long-stay measures, we tested the correlation between the short-stay and long-stay measures and found it to be low (range 0.04-0.06). Robust standard errors were used to account for nonindependence of observations from the same facility in all regressions (Huber 1967; White 1980 Table 1 . By definition, large and mid-sized SNFs (those included in Nursing Home Compare) had more beds. Mid-sized SNFs were more similar to small SNFs in size and percent of Medicare residents, but were more likely to be part of a chain and be for-profit facilities than small and large SNFs. Mid-sized facilities were also less likely to be hospital based and had fewer staff hours per resident day compared with large and small SNFs. These characteristics of mid-sized SNFs are often associated with lower SNF quality. All three reported measures of quality improved over time, as did rates of potentially preventable rehospitalizations. (See Figure 1 for risk-adjusted trends in postacute quality of care.) Multivariate regression results testing within-SNF changes in quality of care associated with the launch of Nursing Home Compare are summarized in Table 2 . The three reported quality measures were better in the 3 years after Nursing Home Compare was launched compared with before. Over those years, the percent of patients without moderate to severe pain improved by 2.0 percentage points (on a base of 76 percent), the percentage of patients without delirium improved by 0.5 percentage points (on a base of 96 percent) and the percentage of patients with improved walking improved by 0.2 percentage points (on a base of 7 percent). While there was a significant reduction in rates of potentially preventable rehospitalizations in the 3-year period after Nursing Home Compare was launched, there was a slight worsening (an increase of 0.3 percentage points) in the year immediately following the launch of Nursing Home Compare (on a base of 7 percent). For most measures, the largest change in quality occurred between 2002 and 2003, when Nursing Home Compare was launched, with a subsequent continuing trend toward improvement.
Using a difference-in-differences framework with small SNFs as a control group produced similar results. Compared with before Nursing Home Compare was launched, pain and walking improved after the launch of Nursing Home Compare (Table 3 ). The magnitude of improvement in pain decreased when controlling for changes at small SNFs but the magnitude of improvement in walking increased. In contrast to the pre-post model, there were no significant changes in within-SNF rates of delirium. Rates of rehospitalization worsened slightly in the year immediately after the launch of Nursing Home Compare, and they did not improve over the 3-year period after Nursing Home Compare in large SNFs relative to small SNFs. Finally, we limited the comparison between large and small SNFs to midsized SNFs, rather than all large SNFs, by excluding SNFs with 4110 total beds and 430 percent Medicare residents. This did not significantly change the results.
DISCUSSION
We found that most postacute care quality measures included in Nursing Home Compare significantly improved after the launch of Nursing Home Compare. The one measure that did not improve (delirium) had high performance levels before Nursing Home Compare and, thus, may not have had sufficient room to improve. While the quality improvements were statistically significant, in some cases the magnitude of change was small. The relative improvement in pain control attributable to Nursing Home Compare (based on the differences-in-differences specification) was o1 percent. However, with over 1.5 million patients admitted to postacute care annually, this quality improvement translates into approximately 12,000 fewer patients having moderate to severe pain. Improvement in walking had a relative improvement of 9 percent. While measured quality improved, changes in rates of potentially preventable rehospitalizations (a broader measure of quality) were inconsistent and, in some cases, worsened. The quality improvements we found were explained by within-SNF changes in quality of care rather than through other mechanisms such as increasing market share in high-quality facilities. It is unknown whether market share changed in response to public reporting in this setting; however, prior work has found that public reporting has a limited effect on market share (Mukamel and Mushlin 1998; Cutler, Huckman, and Landrum 2004; Romano and Zhou 2004; Howard and Kaplan 2006; Jha and Epstein 2006) , possibly due to capacity constraints and informal quality information available before public reporting (Mukamel, Weimer, and Mushlin 2007) .
There is ample literature suggesting that in the presence of external incentives, such as public reporting, measured quality improves on average. This has been documented in the case of hospitals (Williams et al. 2005) , physicians (Hannan et al. 1994) , health plans, and previously in nursing homes (Mukamel et al. 2008) . Our findings, which improve upon the methods of prior studies, align with this prior empirical work. While there has been concern that some improvements due to public reporting might be due to changes in case mix (Werner and Asch 2005) , we found that after extensive controls for this, improvements in measured quality remain.
We also found that potentially preventable rehospitalization rates did not change or worsened slightly after the launch of Nursing Home Compare. This may be counterintuitive. However, there are several potential explanations for this finding. First, prior work has found that narrow measures of quality are often not well correlated with broader measures of quality (Bradley et al. 2006; Werner and Bradlow 2006) . Although strategies to improve measured quality may spill over to areas that affect quality more generally, and thus in the case of postacute care may reduce rates of hospitalization, this need not be the case. Indeed, efforts targeted at improving the three quality measures used in Nursing Home Compare may not affect rehospitalization from postacute care. Second, the divergence of Nursing Home Compare measures and potentially preventable rehospitalizations may be due to the different cohorts included in these measures. While rehospitalizations are measured for all postacute care admissions, the Nursing Home Compare measures reflect quality only among patients who stay in postacute care for at least 14 days. Characteristics of patients at 5 and 14 days may differ sufficiently to explain these divergent findings. One reason 5-and 14-day patients may differ is that SNFs may selectively discharge (and rehospitalize) postacute care patients before the 14-day assessment when Nursing Home Compare quality measurement occurs. In this way, it is possible that Nursing Home Compare contributes to higher rates of rehospitalization from postacute care. While we control for changing case mix at SNFs using propensity score matching, and control for differential rates of discharge before day 14 across SNFs, we are unable to adequately control for rates of selective discharge in this analysis. Disentangling the effects of selective discharge from true changes in quality is an important area for future research.
Our results should be interpreted in light of the study's limitations. First, results based on propensity score-matched cohorts may not be representative of the changes in quality that occurred as we do not include all patients in our analyses. (Rather, we limit our analyses to the subset of patients with similar characteristics for whom we can best estimate the effects of Nursing Home Compare.) Nonetheless, these results are important from a policy standpoint, as they provide more precise estimates of the effect of public reporting on quality of care. Second, although we extensively control for patient selection based on observed differences between patients before versus after the launch of Nursing Home Compare, unobserved differences that are uncorrelated with observed differences remain a threat to the validity of our findings. Nonetheless, prior work suggests that using propensity score matching in the setting of an exogenous treatment decision, such as the launch of Nursing Home Compare, is a valid approach to account for differences across groups (Heckman, Urzua, and Vytlacil 2006) . Finally, the quality changes we demonstrate may be due to changes in data accuracy rather than true quality changes, particularly given the subjective nature of the Nursing Home Compare quality measures. While other work has found that data changes explain some quality improvement (Green and Wintfeld 1995; Roski et al. 2003) , this is less likely in the nursing home quality measures based on MDS. Electronic MDS data collection started in 1998, well before Nursing Home Compare was launched, and has been used to determine Medicare payment since that time, increasing nursing homes' incentive to accurately report these data for several years before the launch of Nursing Home Compare.
Despite these limitations, our study offers important new findings with regard to the role of public reporting in quality improvement. We find that most quality measures improve in response to public reporting even after controlling for secular trends. However, the clinical significance of these improvements may be limited given that improvements in narrow measures of quality of care may not translate into broader quality improvement. To achieve more robust quality improvement, stronger incentives to improve quality may be needed. One possible way to do this is to combine public reporting with pay for performance. While public reporting of quality information is important for reasons beyond quality improvement, such as enhancing accountability of health care providers, alone it may play a positive but limited role in improving quality of care.
